1 0 4 chickens namely hepatitis, hydropericardium syndrome, respiratory disease and 1 0 5 tenosynovitis, causing significant losses to the poultry industry worldwide every year. An 1 0 6 early detection system with high sensitivity and specificity is urgently needed to prevent the 1 0 7 spread out of disease in poultry sector. 27 Infectious bronchitis (IB), a coronavirus, is another 1 0 8 important disease of chickens caused by IB virus (IBV) which is one of the primary agents of 1 0 9 respiratory disease in chickens worldwide. Chickens susceptible to IBV infection have the 1 1 0 signs of gasping, coughing, rales, and nasal discharge, huddling together, appearing 1 1 1 depressed as well as wet droppings and increased water consumption. 28 To demonstrate the real world applications of the proposed chiro-optical sensor, avian 1 1 3 influenza A (H4N6), fowl adenoviruses-9 (FAdVs-9) strain and infectious bronchitis virus 1 1 4 (IBV) were chosen as bioanalyte target candidates in this study. Immuno 96-well plates, CdTe QDs (emission wavelength 710 nm) were purchased from highly pure deionized (DI) water (>18 MΩ·cm). the reducing agent and as a stabilizer as well as chiral ligands for CAu NPs. Self-assembled structures of CAu NPs were prepared as previously reported with slight min, and were redispersed in 1 mL water. FAdV-9 strain was propagated in chicken hepatoma cells (CH-SAH cell line) as described 1 6 4 previously. 30 CH-SAH cells were grown to confluency at 37°C, 5% CO 2 in Dulbecco's 1 6 5
modified Eagle's medium/nutrient mixture F-12 Ham with 10% non-heat-inactivated fetal 1 6 6 bovine serum as described previously. After infection with the virus, the cells were fed with 1 6 7 maintenance medium of D-MEM/F-12 with all the additions, except that the FBS was 1 6 8 reduced to 5%. FAdV-9 viral titer in allantoic fluid was determined as 5X10 7 PFU/mL. The viruses were propagated and titrated as previously described. 31, 32 The procedures were 1 7 2 carried out in specific pathogen free (SPF) embryonated eggs and the titers were determined 1 7 3
by the method of Reed and Muench. 33 The stock solution of viral titers was 1 X 10 6 1 7 4 EID 50 /mL. Conventional ELISA method was performed to check the specificity of the anti-H5N1 HA Then unbound or loosely bound secondary antibodies were washed out using PBS buffer (pH 1 8 8 7.5), and TMBZ (10 nM)/H 2 O 2 (5 nM) solution was added to each well (50 µL/well) for 10 1 8 9
min at room temperature. The enzymatic reactions were stopped by adding 10% H 2 SO 4 1 9 0 solution (50 µL/well), and the absorbance of the solutions was recorded using a microplate 1 9 1 reader (Cytation 5, BioTek Instruments Inc., Ontario, Canada) at 450 nm. Target virus-specific antibodies (anti-H5N1 HA Ab 135382) were bound to self-assembled antibody (1 µL, 5 ng/mL) and continuously stirred for 2h at room temperature. The mixture 1 9 8
was then centrifuged (4000 rpm for 10 min) and washed 3 times with PBS buffer to remove Cruz Biotechnology, CA) was added to each well followed by incubation at room TMBZ, 10% H 2 O 2 in 100 mM NaOAc, pH 6.0) to each well for 5-30 min at 25°C. Enzymatic color developed (blue color) at this stage, and the reaction was stopped by adding 2 0 6 10% H 2 SO 4 (100 µL), and absorbance was recorded at 450 nm with a reference at 655 nm. Carboxyl capped CdTe QDs were bound with antibodies through EDC/NHS chemistry. 1 mL 2 1 0 of QDs were placed in a 1.5 mL microfuge tube followed by adding 4 mM of EDC, NHS (10 2 1 1 mM) and 1 µL anti-NA antibodies (5 ng/mL), and the mixture was gently stirred at 10ºC. To 2 1 2 confirm the binding between QDs and antibodies, ELISA was performed as follows: Centrifuged (1000 rpm, 10 min) and washed to remove unbound antibodies or other reagents, 2 1 4 then the conjugated part was blocked with 2% BSA for 1h. Anti-mouse IgG-HRP (Santa 2 1 5
Cruz Biotechnol., CA) (50 µL, 1ng/mL) was then added in each well after washing steps and 2 1 6 then incubation for 1h at room temperature. Samples were washed after centrifugation three NaOAc, pH 6.0) was added to each well and allowed to stand for 5-30 min at 25°C. At last, 2 1 9 the reaction was stopped by adding 50 µL of 10% H 2 SO 4 and the absorbance was recorded at 2 2 0 1 2 450 nm. influenza viruses were examined in the same manner as a negative control. The samples were 2 2 8 excited at 380 nm, and the exciting and the emission slits were at 5 and 5 nm, respectively. Based on the chiro-optical response at different concentrations of target virus, a statistical Then, 100 µL of anti-NA Ab-conjugated QDs were added, and the CD response was 2 3 4
recorded. Similar sensing method was followed in case of fowl adenoviruses-9 (FAdVs-9) 2 3 5 strain and Infectious bronchitis virus (IBV) detection. followed as mentioned in the protocol book. Tecnai G2 F20, Ontario, Canada). Zeta potential was measured with Zetasizer Nano ZS 2 5 0 (Malvern Instruments Ltd., Worcestershire, UK). Circular Dichroism spectrum was recorded 2 5 1 using JASCO CD Spectrometer (Model: J-815, Easton, USA). CdTe NPs was chosen to make nanohybrids with CAu NPs due to its strong emission The specificity of anti-influenza A (H5N1) virus hemagglutinin (HA) antibody Ab confirmed using a conventional ELISA method. Figure S1B shows that the optical density conjugated secondary antibody/ TMBZ-H 2 O 2 complex was higher than those of anti-H5N2 successful binding between anti-H5N1 Ab 135382 and CAu nanostructures (Fig. S2A ). The binding between anti-H5N1 Ab 135382 and CdTe QDs was confirmed by FTIR 3 3 2 spectrum. As shown in Fig. S2B, FTIR immune-reaction for a chiral biosensor for avian influenza virus detection. It was found that CAu NPs was 10 pg to10 µg/mL, whereas for prolate and flower shaped CAu NPs, the range 3 4 4
was between 1 ng to 10 µg/mL. Experimental results revealed that chiro-optical response from dendritic shaped CAu NPs 3 4 7
was not significant; probably due to a weak plasmonic peak. In general, rough nanostructures 3 4 8
have higher analytes capture efficiency in the bioassay applications than that of the smooth 3 4 9
nanostructures, and this ultimately influences the detection limit of a biosensor. Compared 3 5 0 with other CAu NPs, urchin shaped nanostructures possessed higher surface to volume ratio 3 5 1 as well as stronger plasmonic peak; therefore, we chose urchin shaped CAu NPs to construct 3 5 2 the self-assembled chiro-plasmonic nanostructures. 
